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Age-related Functional Field Losses are not 
Eccentricity Dependent 
WILLIAM SEIPLE,*t JANET P. SZLYK,~: SHERRY YANG,* KAREN HOLOPIGIAN* 
Previous tudies have foud  an increase in peripheral target localization errors in normally sighted 
older adults. These results have been Interpreted as Indkative of a coasLdction of the "useful ~ of 
view". In the present study, we parametrically numipulated mnsidng, distrsctors and stimulus 
Inmiwmce and examIned the relationships between peripheral target localization and age. We 
found that backward masklag sad/or bshed distractors Increased error rates. This decremeat In
performance was larger for more peripherally ocated targets and largest for the older subjects at 
all stimulus locations. Stimulus lumInance (either 2 or 78 cd/m z) had no effect on peripheral 
localization performance atany age. We also demonstrated that all subjects, regardless ofage, had 
higher localization error rates to more peripherally ocated targets. In older subjects, error rates 
increased equally at all eccentricities; that is, there was an eccentricity/independent Increase In the 
number of target localization errors as a function of age. This fiading does not support the 
Interpretation f a selective constriction of the functional visual field In older subjects. Copyright © 
1996 Elsevier Science Ltd. 
Attention Aging Visual field Psychophysics 
INTRODUCTION 
There are numerous changes in sensory and cognitive 
function accompanying a ing which may have profound 
effects on visually related activities (Horn, 1970, 1978; 
Sekuler et al., 1982; Morrison & McGrath, 1985; Haas et 
al., 1986; Jaffe et al., 1986, 1988). To examine the 
combined effects of sensory and cognitive changes in the 
visual system with age, Sekuler & Ball (1986) and Ball 
and her coworkers (Ball et al., 1988, 1990) examined 
target localization performance as a function of retinal 
eccentricity, age, and task difficulty. These studies 
demonstrated that older subjects had decreased localiza- 
tion performance for briefly presented, peripherally 
located, targets. The data were interpreted as an age- 
related constriction of the "useful field of view" (UFOV) 
due to losses in perceptual/attentional capabilities. 
However, the pattern of results reported by Sekuler & 
Ball (1986) and Ball et al. (1988, 1990) may have been 
produced by the specific stimulus conditions, which 
include a backward mask, flashed irrelevant peripheral 
elements, and dim stimuli. For example, the deleterious 
effects of backward masks have been shown to increase 
with age (Walsh, 1976; Till, 1978; Newman & Spitzman, 
1983; Raz et al., 1990; Schlapfer et al., 1991), and retinal 
eccentricity (Mathews, 1973; Slaghuis et al., 1992), and 
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to decrease with practice (Braff, 1980; Wolford et al., 
1980). Likewise, inclusion of irrelevant items in a 
stimulus display causes a larger decrement in perfor- 
mance for older subjects than for younger subjects (Plude 
& Hoyer, 1986; Plude & Doussard-Roosevelt, 1989). 
Distractors can also cause increases in error rate as a 
function of increasing eccentricity (Scialfa et al., 1987). 
In the present study we have replicated the stimulus 
conditions and experimental paradigm of Ball et al. 
(1988, 1990). In a series of parametric experiments, the 
effects of backward masking, distractors, and stimulus 
luminance on peripheral target localization performance 
were examined. 
METHODS 
Subjects 
Twenty-six normally sighted subjects were divided 
into three groups according to age: 'Younger' group 
(n = 8), age range 22-36 yr (mean age: 29 yr); 'Middle' 
group (n = 8), age range 40-58 yr (mean age: 47 yr); and 
'Older' group (n = 10), age range 61-77 yr (mean age: 69 
yr). Criteria for inclusion into the study included best 
corrected Snellen visual acuity of 20/30 or better in each 
eye, no clinically significant lens opacities, full visual 
fields (Goldmann I4e) and no history of neurologic or 
ophthalmologic disease. All subjects gave informed 
consent to participate, and were paid for their participa- 
tion. 
Stimulus 
Stimuli were presented on a 17 inch VGA monitor 
(Crystal Scan 1776) interfaced with a PC computer. The 
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FIGURE 1. Examples of the display screens used in the present experiments: (A) Fixation display; (B) Stimulus display; 
(C) Masking display; and (D) Response display. 
display subtended 66 deg of visual angle. Testing was 
performed binocularly and all subjects wore appropriate 
refractive correction for the viewing distance. 
The paradigm was modeled after that of Ball et al. 
(1988). There were four different displays used in these 
experiments ( ee Fig. 1). The first display [Fig. I(A): 
fixation display] consisted of the outline of a square box 
(subtending 1.5 x 1.5 deg) presented in the center of the 
monitor screen. This box was used to direct fixation to the 
center of the screen. The second display [Fig. I(B): 
stimulus display] consisted of the center box outline, 
which now contained two cartoon-like faces shown 
adjacent to each other. The expression on each face was 
randomly chosen to be either smiling or frowning. 
Therefore, both faces could be smiling, both could be 
frowning, or one could be smiling and the other frowning. 
This display also contained a peripheral stimulus 
consisting of a 1 deg diameter face, presented at any 
one of 24 possible positions (three eccentricities: 10, 20 
or 30 deg, and eight meridians: 0, 45, 90, 135, 180, 225, 
270 or 315 deg). The remaining possible stimulus 
positions and intermediate positions were filled with 
squares that were irrelevant to the task (47 "distractors"- 
1 × 1 deg boxes). The third display [Fig. I(C): masking 
display] consisted of a spatially random white noise 
screen. The fourth display [Fig. I(D): response display] 
consisted of concentric ircles at 10, 20 and 30 deg with 
the eight radian lines drawn to intersect hese circles. 
Each of the 24 possible peripheral stimulus locations was 
numbered. 
Procedure  
The order of presentation was as follows: a 500 msec 
warning tone, the central fixation box (shown for 1 sec), 
the stimulus display consisting of the center and 
peripheral faces (shown for 90 msec), the masking 
display (shown for 750 msec), and the response display 
(shown until the subject responded). 
Following each trial the subject had two tasks. The 
subject's first task was to identify whether the pair of 
centrally presented faces had the "same" or "different" 
expressions. This task was intended to ensure attention to 
the center of the display. We modeled our central task 
after the "high demand" task of Ball et al. (1988, 1990) 
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FIGURE 2. Average (_SEM) arcsine transformed error rates are 
plotted against retinal eccentricity for the three age groups (Younger: 
squares; Middle: triangles; and Older: circles). Error rates were 
collapsed across mask, distractors and stimulus luminance. 
who asked subjects to discriminate smiling and frowning 
faces. The second task was to identify the retinal ocation 
(both meridian and eccentricity) of the peripherally 
presented target. I f  the subject responded incorrectly to 
the center task, a center error was coded, but the 
peripheral response was discarded. That is, peripheral 
responses were coded only when the central response was 
correct to ensure that data were used only when the 
subject had maintained central fixation. The location of 
the peripheral target was chosen randomly for each trial 
and trials were continued until two correct center 
responses were obtained for each peripheral target 
location. Subjects were required to guess if they were 
uncertain. 
We tested eight conditions in which we manipulated: 
(1) presence or absence of the backward masking 
screen;* (2) method of presentation of peripheral 
distractors-flashed or steady; and (3) stimulus lumi- 
nance--either 2 cd/m 2 (low) or 78 cd/m 2 (high). In the 
"flashed" distractor conditions, the distractor boxes 
appeared simultaneously with the appearance of the 
central and peripheral tasks. In the "steady" distractor 
conditions, the distractors appeared on the fixation 
*This manipulation was designed to examine the effects of perceptual 
persistence on peripheral target localization. Because phosphor 
persistence would confound this experiment by prolonging 
objective exposure to the stimulus, we conducted a control 
experiment using a shutter (UniBlitz Electronic Shutter, Vincent 
Associates, Rochester, NY, U.S.A.) which was closed during the 
actual stimulus presentation a d then opened at variable delays 
following the offset of the stimulus screen. When the room lighting 
and background levels were set to those mployed in the current 
experiment, ofaces (center or peripheral) could be identified from 
the phosphor persistence with a 10 msec delay and, therefore, it is 
unlikely that phosphor persistence was a factor in localization i the 
absence of a backward masking screen. 
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FIGURE 3. Average (_SEM) arcsine transformed error rates are 
plotted against retinal eccentricity for the three age groups (Younger: 
squares; Middle: triangles; and Older: circles). Error rates were 
collapsed across distractors and luminance conditions. Solid symbols 
are those conditions with a backward mask and open symbols represent 
those conditions without abackward mask. 
screen, and on the subsequent stimulus screen one of 
the distractors was replaced by the peripheral localization 
target. Eight conditions were presented to all subjects: 
mask/flash/high; mask/flash/low; no mask/flash/high; no 
mask/flash/low; mask/steady/high; mask/steady/low; no 
mask/steady/high; and no mask/steady/low. The order of 
the eight conditions was counterbalanced among subjects 
using a Latin square to control for any practice effects. 
RESULTS 
For each subject and each condition, peripheral 
localization error rates were converted to percent correct 
at each of the three eccentricities. Because there was not a 
statistically significant age x meridian x eccentricity inter- 
action, data were collapsed across meridians for each 
eccentricity. For statistical analysis, percent correct data 
were transformed using the arcsine of the square root of 
percent correct (Zar, 1974). A mixed model, repeated 
measures analysis of variance (ANOVA) was used to 
analyze the localization error rates. Age (three levels) 
was a between-subjects factor and mask (two levels), 
distractor (two levels), luminance (two levels) and 
eccentricity (three levels) were within-subject factors. 
A 3 (age) x 2 (mask) x 2 (distractor) x 2 (luminance) 
ANOVA was used to analyze the center error data. 
Peripheral ocalization errors 
The average ( _  1 SEM) arcsine error rates collapsed 
across all eight testing conditions are presented as a 
function of eccentricity and age group in Fig. 2. Error rate 
increased as a function of age (F[2,23]=22.23, 
P < 0.0001); and for all age groups, error rate increased 
with increased eccentricity (F[2,46] = 135.8, P < 0.0001). 
There was also a significant age by eccentricity 
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FIGURE 4. Average (+SEM) arcsine transformed error rates are 
plotted against retinal eccentricity for the three age groups (Younger: 
squares; Middle: triangles; and Older: circles). Error rates were 
collapsed across mask and luminance conditions. Solid symbols are 
those conditions with flashed istractors and open symbols represent 
those conditions with steady distractors. 
interaction (F[4,46] = 2.8, P = 0.03). The locus of this 
interaction was determined using a post-hoc test (least 
significant difference test). All pairs of data points were 
significantly different except he 10 deg eccentricity data 
for the younger and middle age groups, where an error 
rate of zero caused a convergence. In addition, a slightly 
steeper slope was observed for the older adults between 
10 and 20 deg eccentricity than for the younger groups. If 
this trend was consistent across the entire range of 
eccentricities, it would indicate a constriction of the 
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FIGURE 5. Average (___SEM) arcsine transformed error rates are 
plotted against retinal eccentricity for the three age groups (Younger: 
squares; ,Middle: trian~es; and-Older: ckcles). Error rates were 
collapsed across mask and disU'actor conditions. Solid symbols are 
those conditions with low stimulus luminance and open symbols 
represent hose conditions with high stimulus luminance. 
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FIGURE 6. Average (±SEM) arcsine transformed rror rates are 
plotted against retinal eccentricity for the three age groups (Younger: 
squares; Middle: triangles; and Older: circles). Error rates were 
collapsed across two luminance conditions for mask/flashed distractors 
and for no mask/steady istractors. Solid symbols are those conditions 
with mask/flashed distractors and open symbols represent those 
conditions with no mask/steady istractors. 
useful field of view. However, between 20 and 30 deg, 
the slope for the oldest group was shallower than for 
either of the younger groups. The shallower slope for the 
older adults between 20 and 30 deg was not due to a 
ceiling effect since their group error rate was substan- 
tially below the maximum error rate of 90 (arcsine). 
The average (+ 1 SEM) arcsine error rates for all 
conditions with a backward mask (solid symbols) and 
without a backward mask (open symbols) are presented 
as a function of eccentricity and age group in Fig. 3. The 
error rates for conditions with a mask were higher than 
for conditions without a mask at all eccentricities and for 
all age groups (main effect of mask, F[1,23] =31.85, 
P < 0.0001). There was a greater difference between 
mask and no mask conditions with increasing eccentricity 
(mask x eccentricity, F[2,46] = 6.6, P < 0.002). 
The arcsine error rates as a function of eccentricity for 
all conditions for flashed (solid symbols) and steady 
distractors (open symbols) are presented in Fig. 4. 
There was a significant main effect of distractors 
(F[1,23] = 17.80, P= 0.0003) and a significant distractor 
by eccentricity interaction (F[2,23] = 20.09, P < 0.0001). 
Flashed distractors produced higher error rates with 
increasing eccentricity for all age groups. 
The arcsine error rates as a function of eccentricity for 
all conditions for " low" and "high" stimulus luminance 
are presented in Fig. 5. There was no statistically 
significant difference in error rates as a function of 
luminance (F[1,23] = 2.9, P = 0.102). 
In order to quantify the combined effects of flashed 
distractors, timulus luminance and a backward mask, the 
error rates were averaged for the two conditions where all 
subjects had their best performance (no mask/steady/high 
and no mask/steady/low) and for the two conditions on 
which all subjects performed most poorly (mask/flashed/ 
high and mask/flashed/low). These results are plotted in 
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FIGURE 7. (A) Data from Fig. 3 of Ball et al. (1988) are plotted with 
the data from our condition "mask/flashed/low". The age groups of 
Ball et al. are equivalent tothose used in the present s udy (Younger: 
~< 39 yr, squares; Middle: 40-59 yr, triangles; Older: >60 yr, circles). 
Solid symbols are the data of Ball et al. and open symbols are the data 
collected in the present experiment. (B) Differences inarcsine rror 
rate between the youngest subjects and the middle-aged subjects ( olid 
triangles) and the youngest ubjects and the older subjects (solid 
circles) of Ball et al. are plotted. Differences in arcsine rror rate 
between the youngest ubjects and the middle-aged subjects (open 
triangles) and the youngest ubjects and the older subjects (open 
circles) of the current study are also plotted. 
Fig. 6. Within each age group the error rates for the most 
difficult conditions were higher than the error rates for the 
same group's performance on the easier conditions (main 
effect of difficulty, F[1,23] = 37.95, P < 0.0001). There 
was also an increase in the difference in error rates with 
increasing eccentricity within all age groups. In addition, 
for each age group, the form of the interaction between 
eccentricity and difficulty was different (age x eccentri- 
city x difficulty, F[4,46] = 4.89, P = 0.003). 
This eccentricity dependent interaction is seen only 
when comparing a group's performance on the most 
difficult tasks relative to its own performance on the 
easier tasks. That is, comparing performance between 
conditions within groups shows an eccentricity depen- 
dent effect of mask and flashed distractors. 
To test the interpretation f a constriction of the UFOV 
in older adults, comparisons must be made within 
conditions between groups. Our error rate data for the 
mask/flashed/low condition (open symbols) are plotted 
with the data from the comparable condition from Ball et 
al. (1988); from their Fig. 3, 47 distractors) in Fig. 7(A). 
The error rates, as well as the patterns of change with age 
and eccentricity, are similar in the two data sets. Ball et 
al. (1988) interpreted their data as showing a constriction 
of the UFOV with age. Such an interpretation would 
require that older subjects perform relatively worse with 
increasing eccentricity when compared to younger 
subjects with in  the same stimulus condition. To test this, 
we subtracted the error rate for the youngest group in 
each study from those of the corresponding middle and 
older groups [Fig. 7(13)]. This manipulation allows a 
direct comparison of the change in the error rate as a 
function of age and eccentricity. If there is an eccentricity 
dependent decrement in performance with increasing 
age, these curves should diverge upward from the 
younger group's performance (the baseline). In Fig. 
7(B), both the data of Ball et al. (1988) and our data show 
an increase in overall error rate with advancing age. 
However, there is not an eccentricity dependent loss; that 
is, the changes in error rate with age are relatively 
equivalent at all eccentricities. In summary, both our data 
and the data of Ball et al. (1988) show that, rather than a 
constriction of the functional visual field in the older 
subjects, subjects of all ages have peripheral constriction, 
performing relatively poorer with increasing eccentricity. 
The change with age is an overall, eccentricity indepen- 
dent, increase in error rates. 
Center  er rors  
Center errors as a function of age for all conditions are 
presented in Fig. 8(A). There was a significant increase in 
errors with age (F[2, 23] = 3.36, P = 0.05). The effect of 
the backward mask can be seen in Fig. 8(B). There were 
significantly more center errors when a backward mask 
was presented (F[1, 23]=20.61, P=0.0002). In Fig. 
8(C), the center errors as a function of flashed or steady 
distractors are plotted. There was not a significant main 
effect for distractors (F[1,23] = 1.82, P= 0.19), nor was 
there a significant age by distractor interaction 
(F[2,23] = 0.68, P = 0.52). There was also not a significant 
main effect of stimulus luminance on center errors 
(F[1,23] = 0.56, P = 0.46). 
DISCUSSION 
We hypothesized that the error patterns found in 
previously published studies (Ball et al.,  1988, 1990) may 
have been uniquely influenced by the specific stimulus 
conditions which were used. Therefore, we indepen- 
dently assessed the effects of backward masking, flashed 
distractors, and stimulus luminance on peripheral target 
localization. To ensure that we had replicated the 
conditions of Ball et  al. (1988), we compared our results 
on our mask/flashed/low condition to the results from the 
equivalent condition of Ball et  al. (1988) (i.e., 47 
distractors, high cognitive demand center task, backward 
mask). The error rates for the two data sets are 
comparable, as is the overall increase in error rates with 
eccentricity. Therefore, we felt that our parametric 
manipulations could directly address the effects of 
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stimulus specificity on the pattern of peripheral target 
localization errors. In the following discussion we will 
consider the age and eccentricity effects of backward 
masks and peripheral distractors on peripheral target 
localization. In addition, we will discuss the eccentricity 
independent effects of aging on these tasks. 
Effects of backward masking and peripheral distractors 
We found that a backward mask and flashed istractors 
each independently increased target localization errors at 
all eccentricities and for all age groups (Figs 3 and 4). 
The combined effects of a backward mask and flashed 
distractors produced an increase in error rates for all 
groups and this effect increased with increasing eccen- 
tricity (Fig. 6). These within-group findings are consis- 
tent with previously reported effects of backward 
masking (Mathews, 1973; Walsh, 1976; Till, 1978; 
Newman & Spitzman, 1983; Raz et al., 1990; Schlapfer 
et aL, 1991; Slaghuis et al., 1992). For example, when a 
backward masking paradigm was used, Schlapfer et al. 
(1991) found a much larger reduction in the accuracy of 
letter identification for older subjects (mean age 73 yr) 
than for younger subjects (mean age 22 yr). The effects of 
distractors on performance have been previously docu- 
mented (Avolio et aL, 1985; Sekuler & Ball, 1986; 
Scialfa et aL, 1987). Scialfa et aL (1987) reported that 
both reaction time and accuracy were equivalent for 
younger and older subjects when targets were presented 
without distractors. When distractors were included in the 
stimulus display, their older group had higher error rates 
at all eccentricities. As in our current findings, distractors 
produced eccentricity dependent losses for both younger 
and older groups in the Scialfa et al. (1987) study. The 
increase in errors with age, however, was not eccentricity 
dependent (again as in our current findings); that is, the 
difference between younger and older subjects within a 
stimulus condition was relatively constant as a function 
of eccentricity. Likewise, Sekuler & Ball (1986) have 
presented ata that show an eccentricity independent 
pattern of peripheral localization error increases for older 
subjects when the task was localization alone (without 
distractors). 
To summarize, backward masks and flashed istractors 
increased peripheral target localization error rates for all 
age groups above the comparable error rates observed in 
conditions where no mask or steady distractors were 
used. Additionally, the effects of a backward mask and 
distractors were not confined to the peripheral target 
localization task alone, since both stimulus manipulations 
increased the number of errors made on the center (non- 
localization) task as well (our Fig. 8). 
The combination of these two stimulus factors also 
increased error rates as a function of eccentricity for all 
subjects. The magnitude of the difference between those 
conditions with a mask and flashed distractors and those 
without showed an eccentricity dependent effect within 
age groups. As discussed below, eccentricity dependent 
effects were not observed when performance was 
compared between age groups, within the same stimulus 
conditions. 
Age-dependent changes in peripheral target localization 
Ball et al. (1988) interpreted their findings as an age- 
related constriction of the functional field. They have 
pictorially represented this shrinkage of the UFOV in 
older adults as a traffic scene that is overlaid with three 
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FIGURE 9. A pictorial representation f two possible interpretations of UFOV changes with age. (A) and (B) represent an interpretation using a 
threshold criterion. If the error rates are below the threshold, the corresponding annuli are clear; if, on the other hand, the error rates are higher 
than the threshold, the corresponding annuli are dark. (C) and (D) represent an interpretation based upon absolute rror rate. Darkening ray levels 
approximate the magnitude of the increasing error rates. The data on which these representations are derived are presented in (E). 
older adults as a traffic scene that is overlaid with three 
concentric annuli (Owsley & Ball, 1993). The gray scale 
value of each annulus indicates a level of decrease in 
attention to targets presented in the corresponding portion 
of the visual field. For younger subjects, the entire scene 
is clear and for the older individuals, the center area is 
clear and the peripheral annuli are dark. This interpreta- 
tion of the data uses an arbitrary error rate as a threshold 
criterion [such as indicated by the horizontal ine and 
shaded area in Fig. 9(E)]. When subjects make fewer 
errors at a given eccentricity than this criterion, the 
corresponding annuli in the scene is depicted as an 
unshaded area [as presented for the younger subjects in 
Fig. 9(A)], whereas when an error rate is greater than the 
criterion, this is depicted as a darkened annuli [as 
presented for the older subjects in Fig. 9(B)]. 
In our interpretation of these data, absolute perfor- 
mance levels are used to develop density contours; that is, 
the gray level is determined by the error rate. In a 
pictorial representation f this interpretation f the data, 
all age groups would have constricted "functional visual 
fields" with progressively darker peripheral annuli [as in 
Fig. 9(C and D)]. With age there is not a further 
constriction, but an overall darkenihg o f  the scene 
(indicating a greater overall error rate). 
Conclusion 
We have found that peripheral ocalization perfor- 
mance accuracy, as well as performance accuracy on a 
centrally fixated task, is reduced with age. However, a 
constriction of the functional visual field is not unique to 
older adults; subjects of all ages performed more poorly 
in the periphery. In addition, peripheral target localiza- 
tion performance can be even more impaired by using 
specific stimulus conditions, such as a backward mask 
and flashed distractors. 
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